Objectives/Hypothesis: To evaluate the demographics, clinical features, management, and prognostic indicators of tracheoesophageal puncture complications in patients undergoing placement of voice prosthesis following cancer treatment.
INTRODUCTION
Today, success of complete laryngectomy is not only measured by oncological criteria but also by functional considerations such as the ability to speak and to swallow. Voice function is one of the most important ways of human communication, and voice rehabilitation by means of voice prosthesis is now considered state of the art. 1-3 The placement of tracheoesophageal puncture (TEP) can be primarily at the time of extirpative surgery or as a secondary procedure after laryngectomy, before irradiation or afterward. TEP was initially described as a secondary procedure performed at least 4 weeks after laryngectomy. 4 In subsequent years, voice prosthesis placement was performed directly at the time of laryngectomy, thereby avoiding multiple procedures and simplifying the placement. There are only very few contraindication for a primary puncture such as disruption of the tracheoesophageal party wall, increasing the risk of mediastinitis, or surgeon experience. 5 Therefore, TEP is now mostly done during the primary procedure. 6, 7 The timeframe of secondary placement after radiotherapy should be broad to give the tissue time to recover from microvascular tissue damage caused by irradiation. 6, 8, 9 Neumann and Schultz-Coulon recommend at least 12 month after radiotherapy. 6 However, both primary and secondary placement can lead to complications. 5, 7 In the literature, the incidence of complications ranges from 20% to 72%. 6, 8, 10, 11 Severe complications, such as deep neck abscesses, osteomyelitis, or aspiration pneumonia, and minor complications, such as granulation tissue around the valve or salivary leakage, have been described. 6, 8, 12 Excellent voice production via voice prosthesis 13, 14 can only be beneficial for patients if complication frequency and management are acceptable to them. Therefore, this study was designed to examine the occurrence of complications, with special focus on prognostic factors and on management strategies.
MATERIALS AND METHODS
A retrospective review of the clinical records of the ear, nose, and throat (ENT) department and the department of phoniatrics at a tertiary referral center from 1996 to 2015 was conducted.
Inclusion and Exclusion Criteria
The database initially was searched for patients being treated with laryngectomy with curative intent and as a primary treatment with or without postoperative radiotherapy or chemoradiotherapy. Only patients who met these criteria and TEP with a voice prosthesis inserted were included. Patients with preoperative chemoradiotherapy followed by salvage laryngectomy, individuals treated for palliation, and those with distant metastatic lesions (M1) were excluded even if they received a TEP. As part of information about language rehabilitation, TEP was discussed with all patients, but not recommended to all. Exclusions for TEP besides patient's preference were prior radiotherapy >72 Gy, markedly reduced cognitive skills that preclude proper handling, and total laryngectomy with total pharyngectomy, and reconstruction with a tubed flap because were excluded from the present study, as the condition of TEP or the occurrence of complications was unknown, leaving 112 eligible cases for analysis.
Study Variables
Patients were grouped and stratified according to gender, age, TNM classification (in accordance with the American Joint Committee on Cancer classification, 6th or 7th edition 15, 16 ), extent of surgery, treatment modality, and time of prosthesis placement.
Complications
The primary outcome was complication rate and complicationfree survival associated with tracheoesophageal shunt and voice prostheses. Complications with TEP were recorded during follow-up by a team consisting of otolaryngologists, phoniatrics, and speech therapists.
Statistical Analysis
Categorical variables are presented as frequency and percentage, whereas continuous variables are presented as Purse string 4 (.472) mean AE standard deviation or as mean or median with range. Pearson χ 2 tests were used to assess for significant associations between categorical variables. TEP and voice prostheses-complication-free survival (TEP/VP-CFS) was tabulated in life tables, and pairwise comparisons between survival curves were performed using the Kaplan-Meier method. The log-rank test was employed to compare the distributions between groups. The TEP/VP-CFS was calculated from the date of TEP to the date of complication from any cause or the date the patient was last known to be without complications, using a right-censoring method. Patients who were still alive at the time of the follow-up cutoff were censored. All tests were two-sided, and P ≤ .05 was considered significant for all statistical tests.
RESULTS

Clinico-Demographic Characteristics
A total of 112 laryngectomies with placement of a voice prosthesis between the years 1996 and 2015 were identified. Most cases had pathologic T classifications of 3 or 4 (84.9%); 51.8% were registered as high grade. N staging indicated that regional metastasis was common (pN1, 11.6%; pN, 2 39.3%; and N3, 2.7%).
Laryngectomy without flap reconstruction was the most common type of surgery (82.2%), followed by laryngectomy with free or pedicled flap transfer (16.9%). Postoperative radiotherapy was at a dose of 64 to 68 Gy; 2 Gy/d was administered to 75% of surgically treated patients. Chemoradiotherapy was done in 58% of cases. Chemotherapy included cisplatin (47.3%), 5-FU (33.9), carboplatin (8%), cetuximab (3.6%), docetaxel (2.7), and mitomycin C (1.8%). In all cases a Provox prosthesis was placed at the time of initial TEP. Detailed patient demographics and therapeutic data are displayed in Table I . Overall, 88.4% of TEPs with prosthesis placements were done as primary procedures during laryngectomy. Secondary TEPs with prosthesis placement was done in 11.6% of cases either before or after radiotherapy. The reasons were tumor growth into the upper esophagus (4.5%), resulting in a very deep resection not allowing prosthesis implantation during the extirpative procedures. In 7.1%, the reasons were not documented. The time of the secondary puncture was between 3 and 5 weeks after primary laryngectomy for patients whose prosthetic implantation was performed after the primary operation but before radiotherapy. In patients whose implantation took place after radiotherapy, the puncture time was between 18 and 122 weeks after radiotherapy.
Because of biofilm formation that damages the material, the normal time frame for valve change is 4 to 6 months for patients without complications. Changes are either done by a speech pathologist or by an otolaryngologist. Maintenance instructions for the patient are daily cleaning with the brush and skin care around the tracheostomy.
Complications With Tracheoesophageal Shunts and Voice Prosthesis
The mean follow-up was 47.9 months (range, 1-219.6 months), with a 5-year overall complication rate of 65.2%. As shown in multivariate analysis, placement time relative to radiotherapy shows the highest and significant complication rates. The majority of complications occurred during the first 18 months. The complication rate was highest 3 to 9 months after surgery (29.5%). A dramatic decrease of complications, down to 6.3%, was observed after 18 months. The problems and complications that we encountered were rarely serious. The two most common complications were peristomal salivary leakage (50.0%) and enlargement of the TEP (47.3%), followed by granulation tissue around the prosthesis (36.6%) (see Supporting Information Video S1), dislocation of the prosthesis (16.1%), severe crusting (8.9%) (see Supporting Information Video S2), and loss of prosthesis (8%). Overall, 21.4% were dissatisfied with their voice, but the valve had to be removed in only 16% of those cases. The majority of dysphonia patients also had other complications (e.g., shunt enlargement, granulation tissue, and salivary leakage). Systemic complications such as aspiration pneumonia rarely occurred (2.7%). No prostheses were dislocated into the airway requiring procedure for removal. Table I displays variables significantly associated with worse TEP/VP-CFS on regression analysis. Kaplan-Meier plots of selected variables that were associated with decreased TEP/VP-CFS are displayed in Figure 1 and Supporting Information Figure S1 . In our data, the mode of tumor therapy played a very important role in developing complications. Of the preirradiated patients with secondary valve placement postradiotherapy, 90.1% suffered from TEP complications. The most common complications in this group were salivary leakage (54.5%), formation of granulation tissue (54.5%), and shunt enlargement (45.5%). These problems often occurred in combination. Most complications were easily managed. However, permanent shunt closure was much more frequent in preirradiated patients (36.4%) than in the group receiving TEP before radiotherapy (10.5%).
Management of Complications
In the majority of cases, complications encountered in patients with TEP and prosthesis placement could be tackled easily and resolved successfully. Management strategies applied for different complications were identified and are displayed in Table II . According to the most common complications (e.g., salivary leakage, shunt enlargement, granulation tissue), problems could mostly be solved by replacement of the prosthesis, shrinking of the TEP, or sclerotization by bipolar coagulation or silver nitrate. As shown in Figure 2 , alteration of the time frame of prosthesis change is not accompanied by a change in the frequency of complications. If the planned change of time frames was extended markedly, no increase in rate of acute complications was seen. In 22 cases, a customized voice prosthesis with silicon flange measured according to the patients particular shunt size and shape was successful. For patients with persistent leakage around the prosthesis, injection of hyaluronic acid was found to be useful. Despite the complications, 83.3% kept their valve. In 16.7% of patients with persistent complications, in whom previous conservative measures have not been successful, the shunt had to be closed surgically.
Prognostic Factors for Complications
Favorable and unfavorable therapy mode characteristics were determined based on the statistical survival analysis. By dichotomizing closure of the defect, time of prosthesis placement in relation to laryngectomy and time of radiotherapy in relation to prosthesis placement, statistically significant differences in 6-month complication-free survival were observed (Table III) . Of these characteristics, the largest absolute differences in percent survival were seen between prosthesis placement before and after radiotherapy (46%, P < .0001) and prosthesis placement during or after primary laryngectomy (45.7%, P < .0001) followed by mode of defect closure with or without flap (42.9%, P = .016). Although significant as a trend, gender appeared to have the least impact on 6-month TEP/VP-CFS of the variables analyzed (32%, P = .085). These factors, among others, including radiotherapy, radiation dose, chemotherapy, nutritional mode, intake of proton pump inhibitor, and alcohol abuse, were initially implemented in a univariate Cox regression analysis. For example, most of the patients (85.7%) received an oral diet with or without percutaneous endoscopic gastrostomy (PEG) tube support. A small part (13.4%) were totally dependent on a PEG-tube diet. However, only in univariate analysis was complete PEG tube nutrition for 5 years protective against complications (hazard ratio [HR]: 0.473, 95% confidence interval [CI]: 0.22-1). Moreover, many other variables were significant in univariate analysis, and multivariable analysis only revealed prosthesis placement, in relation to laryngectomy and time of radiotherapy in relation to prosthesis placement, to be independent prognosticators (Table IV) . The largest increase in risk of complications was seen in patients with TEP and prosthesis placement after radiotherapy (HR: 3.66, 95% CI: 1.39-9.68) when compared to patients being punctured and placed with a prosthesis before the start of radiotherapy. Likewise, prosthesis placement as a second procedure after the laryngectomy imposed greater than two times (HR: 2.57, 95% CI: 0.92-7.2) the risk when referenced to prosthesis placement directly during the laryngectomy.
DISCUSSION
To achieve the best oncological results, advanced laryngeal carcinomas (T3 and T4) are recommended for upfront laryngectomy. 17, 18 For organ and voice preservation, chemoradiotherapy might be an option. Unlike early-stage laryngeal carcinomas that show excellent results on survival and on voice quality, it should be noted that voice preservation is often not possible when treating advanced tumors by irradiation, even if the larynx is preserved. [19] [20] [21] Today, the decision on laryngectomy is less dramatic for patients, as voice rehabilitation can be done in most cases. The intraoperative voice prosthesis placement during primary TEP directly after a laryngectomy procedure has been the standard of care for voice restoration since the first description of technically and functionally practicable voice rehabilitation by Singer and Blom. 4 The introduction of voice prostheses improved the functional outcome after laryngectomy, but it also requires closer collaboration between radiation oncologists and ENT surgeons. 22 However, numerous publications have shown an improvement in voice and patient comfort, whereas complications of the voice prosthesis have been discussed only a little so far in the literature. The rate of complications in patients with TEP ranged from 15% to 72% in the literature. Serious complications include mediastinitis, cervical cellulitis, deep neck abscess, esophageal perforation, and prosthesis aspiration. 12, 23 None of these were encountered in the present study. Complications were found in 65.2% of all 112 patients. Most problems were uncritical and could be solved easily.
Half of all patients developed periprosthetic leaks, most of them due to an enlarged fistula. In the literature, leakage is also described as a very common complication at up to more than 70%. 24 Prosthetic leaks were the most common cause of prosthesis replacements in our study. In many cases, leakage is not only a complication but also a consequence of other complications such as granulation tissue, encrustation, or shunt enlargement. During the normal aging process of the prosthesis, a transprosthetic leakage can occur. Therefore, transprosthetic leakage was not counted as a complication but a regular finding during the aging process of the valve. For enlarged shunts, if replacement was successful, other conservative approaches were adopted. As already recommended by Andrews et al. in 1987, 8 in our management of cases in which the insertion of a bigger prosthesis alone was not sufficient, the prosthesis was removed and a nasogastric tube and a blockable tracheal cannula was inserted for a few days. We waited for the shrinkage of the shunt, at which time a similar prosthesis was inserted. Placement of an enlarged custom-made tracheal flange on the voice prosthesis has been done in 22 cases. This method has been in practice for years. [25] [26] [27] Lewin et al. 26 cited an 80% long-term success rate using this method to avoid permanent gastrostomy, aspiration pneumonia, and surgical shunt closure. Since 2015, a prosthesis with an extended esophageal flange has become commercially available (Provox Vega XtraSeal, Atos). This flange is not custom made, but it adapts itself to the mucosa of enlarged shunts by its very soft material. As described in the literature, another more invasive method used in our department to solve the problem is the injection of hyaluronic acid into the tracheoesophageal wall to increase bulk and to prevent any leakage. 28, 29 Secondarily, the TEP had to be closed in 16.7% of patients because of complications. It can be a challenging operation with significant risk of tissue breakdown, especially in previously irradiated patients. 30 The frequency of shunt closure is described as between 5% and 20.5%. 31, 32 Thus, in the discussion with the patient prior to laryngectomy, the description of voice rehabilitation should not only refer to the high degree of success of the prosthetic voice, but also potential failure and the need for surgical shunt closure should also be mentioned.
A common but harmless complication is granulation tissue. As also explained by Neumann and Schultz-Coulon, we used etching with silver nitrate or electrocoagulation as simple treatment methods. 6 Unlike previous investigations, [33] [34] [35] our results show no increase in complication rate or reduced TEP/VP-CFS with proton pump inhibitor intake.
A total of 24 patients were dissatisfied with their voice. Kummer et al. found in an older patient population at our institution that the success of voice rehabilitation was significantly reduced if radiation took place before prosthesis insertion. 36 Other authors found that the voice is probably not restricted by postoperative radiotherapy permanently. 3, 34, 35 Furthermore, our data generally show no increase in complications after radiotherapy (P > .3, Table I ). radiation on TEP, the majority of patients received primary puncture. 37 However, we found a significant influence on TEP/VP-CFS for placement time. If the placement of the prosthesis cannot take place during extirpative surgery, it needs to be before radiotherapy by several days to allow the healing process to take place before radiotherapy starts. Secondary puncture after radiotherapy took place between 18 and 122 weeks after radiotherapy. In our data, secondary TEP and prosthesis insertion after radiotherapy led to a significant increase in complication rate and to a significant reduction in TEP/VP-CFS, with an HR of 3.66 (95% CI: 1.39-9.68) in multivariate analysis. Moreover, secondary insertion independent of radiation significantly decreases TEP/VP-CFS, with an HR of 3.97 (95% CI:1.99-7.9) but is only significant in univariate analysis (Table IV) . Prognostic factors by univariate analysis were determined and revealed secondary prosthesis placement after primary surgery and after radiotherapy, laryngectomy with flap reconstruction, and female gender to be the greatest risk factors for a decreased TEP/VP-CFS. Rachelle et al. and Kummer et al.
reported on an increased complication rate after secondary prosthesis implantation, especially after radiation. 36, 38 We confirm that puncture in previously irradiated tissue is traumatic and therefore fraught with complications. 1 This could be a relative contraindication for prosthetic treatment. However, to reduce the functional tissue damage caused by irradiation, studies are currently underway concerning the deescalation of radiation in the head and neck area. One is the prospective multicentric DIREKHT trial (De-Intensification Radiotherapy Postoperative Head Neck, NCT 02528955) trial, which is still recruiting patients. It investigates deescalation of adjuvant radiotherapy in a defined low-risk head and neck patient population. 39 Another retrospective study has shown that the preservation of functionally important structures by special intensity-modulated radiation therapy techniques is possible and even reduces the rate of aspiration. 40 Whether de-escalation is possible in the head and neck region could depend on tumor and lymph node volume. 41 Laryngectomy with flap reconstruction is another predictor of a reduced TEP/VP-CFS in univariate analysis, with an HR of 1.96 (95% CI: 0.99-3.89). In the multivariate analysis, however, it could not withstand. Interestingly, the diet via a PEG feeding tube for several years appears to be protective against complications (HR: 0.473, 95% CI: 0.22-1) but only in univariate analysis. In accordance with other reports, 6, 8, 36 we have had good results with a temporary nasogastric tube diet during treatment of acute complications such as an enlarged TEP. However, we think it is not reasonable for patients to abstain from an oral diet permanently.
Limitations
There are limitations to this study. Data analysis was derived from a retrospective database. It is difficult for a single institution to accrue a series of laryngectomized cases with TEP and prosthesis placement large enough to conduct meaningful complication rates. We managed to evaluate more than 100 patients. A limitation is that the sizes of subgroups within these 112 patients were different. Secondary TEP and TEP after radiotherapy are not the standard timing for TEP in our institute. Usually TEP and prostheses placement take place primarily during laryngectomy. Therefore, the secondary groups are comparatively small. However, the homogeneous structure within these groups made it possible to achieve statistically significant values by comparison. We were only able to include patients in the study who had follow-up in our clinic. Complication-free follow-up is sometimes also carried out in private practices. Patients with an uncomplicated follow-up often leave the care provided by our institute quickly, such as in four cases after a month of follow-up. Therefore, a censoring method was used for TEP/VP-CFS evaluation so that all eligible TEP patients could be integrated into the study. It is also possible that some patients with complication-free follow-up were not recorded. Other limitations are due to the retrospective nature of the study. Because of the time span of the study, modifications have been made to data collection techniques and adequacy over the years, and selection bias as well as documentation gaps may have occurred as a result. Therefore, not all information can be determined. In this context, no special pathologies that have necessitated a delay in placement of the puncture could be found. Overall, despite such limitations, this study utilized a large monocentric patient cohort with the goal of providing deeper insight to the yet elusive long-term complications with artificial voice prostheses.
CONCLUSION
TEP with prosthetic placement is a common practice of voice rehabilitation. However, for the first time, this study evaluated complication-free survival associated with TEP and voice prosthesis (TEP/VP-CFS) after prosthetic placement apart from complication rate. Secondary prosthesis placement after primary surgery, placement after previous irradiation, and laryngectomy with flap reconstruction stood as independent predictors of poorer TEP/VP-CFS in univariate analysis. In general, the rate of minor complications is high, but in most cases it was easy to control. The current data provide objective evidence that not the adjuvant radiotherapy itself, but TEP after radiotherapy and secondary prosthesis placement, is significantly associated with the occurrence of complications and reduced TEP/VP-CFS. Therefore, planned adjuvant radiotherapy is not a contraindication for TEP with prosthetic placement. It is very important to place the prosthesis during the primary surgery or at least before scheduled radiotherapy.
